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INTERACTION PATTERN OF FULLERENE
FAMILY WITH DIFFERENT FORMS OF DNA
Sumbul Firdaus, Dr. Mohtashim

Lohani, Anupam Dhasmana, Mohd. Haneef

Abstract— Fullerenes have attracted considerable attention due to their unique chemical structure and potential applications. In this study fullerenes
(C20 to C180) were interacted with different forms of DNA i.e. A, B and Z-forms. And no such change in the binding score was observed with the
change in the sequence of DNA. In fact, binding score increases with the increase in the molecular weight of the fullerene while interacting with A & Bform of DNA but Z-form of DNA shows no regular pattern of binding. Number of interacting base pairs increases as the molecular size of fullerene
increases. And the groove binding depends on the form of DNA, fullerene and fullerene family binds in major groove of A-DNA while binds in both
major and minor grooves in B and Z-form of DNA. This study reveals that binding pattern of fullerene family with DNA, which can disrupt its structure
and may leads to several biological errors.
Index Terms— ,

A, B, Z- DNA. Fullerene, Fullerene family
——————————  ——————————

1 INTRODUCTION

T

He Integrity and stability of DNA is essential to life, any damage to DNA not repaired causes mutation leading to disease.
DNA can be damaged by many sorts of mutagens, include oxidizing agents, alkylating agents and also high-energy electromagnetic radiation such as ultraviolet light and X-rays[1]. Various
types of DNA damages include single and double strand break as in
case of ROS such as the 8-oxoguanine and formamidopyrimidine
[2], interacalation of chemicals between strand causing distortion as
by 1, 4-naphthoquinone derivatives & quinacrine [3, 4], attachment
of alkyl group to the DNA base as by sulphur and nitrogen mustard,
methylation or ethylation of bases [5,6]. Whereas some chemicals
are initially chemically inert they are metabolically converted into
highly reactive compounds which can react with DNA forming adducts, i.e., chemical entities attached to DNA. Damage to DNA appears to be the major cause of most cancers and genetic birth defects
and may also contribute to aging and heart diseases as well. Therefore, the analysis of chemical/physical agents to which humans are
frequently/inevitably exposed, becomes mandatory for their capability to induce DNA damage.
In recent past, a new group of compounds known as nanomaterials
have found tremendous applications with the advent of nanotechnology. A number of in vitro as well as in vivo studies have proven that
these nanomaterials are also capable of inducing DNA damages [7-9]
.Fullerenes, nanosized allotropes of carbon, due to their unique properties are used in number of fields such as chemical, material science
including biomedical applications [10] .The first fullerene molecule
discovered was buckminsterfullerene (C60), also termed as bucky
ball, and consists of 20 hexagons and 12 pentagons. Fullerenes also
occur naturally in the form of C60, C70, C82, C84 molecules whereas C24, C30, C40 etc can be produced by various industrial processes. Because of small size and easy entry into the human body, they
get readily adsorbed to macromolecules affecting the regulatory
mechanism of enzymes and proteins. Fullerene is any molecule
composed entirely of carbon, in the form of a hollow sphere, tube
and many other shapes. Special fullerenes are also called buckyballs
and the cylindrical one are called carbon nanotubes or buckytubes.
Past toxicological studies have been conducted to analyze the interactions of DNA with carbon nanomaterials, including carbon nanotube (CNT) [11, 12] spherical fullerene [13] and carbon nanoparticle
(CNP) [14]. Studies have found that ss-DNA forms helical wraps
around SWNT and ss-DNA molecules can be inserted into carbon
nanotubes [15]. Also the strong association of C60 molecules with

ion channels, enzyme and antibodies where the binding depends on
the particle size and native protein structures has been noticed [16].
Simulation studies conducted by [13] revealed that C60 strongly
binds to nucleotides in aqueous solution at the hydrophobic ends or
at the minor groove of the nucleotide. This C60-ssDNA binding can
significantly deform the nucleotides.
Some studies revealed CNP -DNA binding leading to DNA aggregation in vivo and in vitro [16]. The binding mechanism of watersoluble C60 derivative-ss-DNA was found to be similar to native
C60–DNA, while forming more stable C60–DNA complex [13].
Molecular dynamics study reveals the distortion of DNA/RNA by
the fullerene [17]. It has been already reported that C60 can binds to
DNA via hydrophobic interactions in silico [18]. Some in vitro studies are also done to investigate the toxicity mechanism of C60 in
biological system show that C60 molecules may interfere with the
biological functions performed by DNA, resulting in disruptions to
DNA replication, transcription and repair processes [19]. More studies are needed to reveal the interactions of various species of fullerenes with DNA, and how this interaction may affect various biological functions. Therefore, the present study was designed to investigate the possible interactions of different forms of fullerenes from
C20-C180 with different forms of DNA (A, B & Z-DNA) with various base sequences in order to investigate the comparative effect of
molecular size of fullerene and their reactivity for various forms &
sequences of DNA.
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2 MATERIALS AND METHOD

2.1 Procurement of fullerene family
Nanotube Modeller is a program for generating XYZ co-ordinates of
nano geometries (nanocone, nanotube, fullerenes, viruses etc.). Fullerenes of various molecular sizes were obtained through fullerene
library of Nanotube Modeller. Generated geometries of C20, C24,
C30, C40, C48, C50, C60, C70, C76, C80, C84, C90, C96, and C100
& C180 were viewed using the integrated viewer.
.

2.2 Generation and Procurement of various forms and
sequences of DNA
We generated A and B-forms of DNA with ten different sequences.
The Z-DNA was generated with single sequence as it is formed by
stretches of alternating purines and pyrimidines, e.g. GCGCGC. All
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the forms of Double strand (ds) DNA were prepared using Discovery
Studio visualizer. Chimera was used for energy minimization, removal of steric collision with the steepest descent 1000, steepest
descent size 0.02 Å, conjugated gradient steps 1000 and the conjugate gradient step size 0.02 Å for the conjugate gradient minimization [20,21].
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All the sequences of A form of DNA show a common trend of
increase in docking score with increasing size of fullerene from C20
(1876, seq 9) up to fullerene C90(6520, seq 9). Thereafter, the increase in size of fullerene resulted in decrease in docking score.

Different sequences of nucleotides of A and B-form of DNA were
generated are shown in TABLE 1

S.No.

Sequence

A-DNA and B-DNA

1.

Seq 1

ATATGCGCATAT

2.

Seq 2

ATGCATGCATGC

3.

Seq 3

ATATATGCGCGC

4.

Seq 4

ATATATATGCGC

5.

Seq 5

ATATGCATATGC

6.

Seq 6

ATATATGCATAT

7.

Seq 7

8.

Seq 8

9.

Seq 9

10.

Seq 10

IJSER
GCGCATATGCGC

GCGCATGCGC AT

TABLE 2: Docking score of A-DNA with fullerenes increases with increasing
size of fullerene from C20 (1876, seq 9) up to fullerene C90 (6520, seq 9).

GCGCGCATGCGC

All the sequences of B-form of DNA showed increasing trend of
docking score, except C60 & C100 with the increase in size of fullerene from C20 (2012, seq 1) to C180 (3882, seq 8). Whereas C60
(2626, seq 9) & C100 (3400, seq 4) showed a lower docking score
for all the different sequences.

GCGCGCGCATAT

TABLE 1- Different sequences of A &B-form of DNA

2.3 Docking and Binding modes study
Patchdock is Geometry based molecular docking algorithm [22]. It
was aimed at finding docking transformations that yield good molecular shape complementarities. Such transformations, when applied, induce both wide interface areas and a small amount of streric
clashes was applied to identify the binding modes of fullerenes with
different strand of nucleic acid. This method employed threedimensional transformations driven by local feature matching and
spatial pattern detection technique, such as geometry hashing and
pose clustering, to yield good molecular shape complementary with
high efficiency. The clustering root mean square deviation (RMSD)
was 4Å. Binding modes of fullerenes were analyzed using Pymol
and Discovery studio.

3

RESULTS
3.1 Effect of molecular size of fullerene on DNA binding

Docking of A, B & Z forms of DNA with 10 different random sequences of 12 base pair length was performed with fullerenes of
various sizes (C20 to C180), in order to determine the effect of fullerene size on DNA binding. Different forms of DNA interacted
slightly differently with fullerene.

TABLE 3: Docking of B-dNA with fullerenes shows increasing trend of
docking score, except C60 & C100 with the increase in size of fullerene
from C20 (2012, seq 1) to C180(3882, seq 8).
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Apart from these two forms of DNA, Z-form showed totally different
trend of docking score; the score increased from C20 to C48, then no
regular pattern was determined, the docking score fluctuated with
further increasing the size of fullerene from C50 to C180

S. No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

receptor
zdna
zdna
zdna
zdna
zdna
zdna
zdna
zdna
zdna
zdna
zdna
zdna
zdna
zdna
zdna

ligand
c20
c24
c30
c40
c48
c50
c60
c70
c76
c80
c84
c90
c96
c100
c180

score
2970
3250
3580
3760
3874
3830
3568
3508
3608
3518
3668
3552
3626
2878
3412

FIGURE 1: Effect of increase in molecular size of fullerene on the number of
interacting DNA base pairs.

It was observed that the variation of sequence of DNA in all
forms did not cause any effect on the binding efficiency of any type
of fullerene. C20 fullerene was docked with all the sequence and
scored in the range of 1942-1914 2013-2030 and 2970 for A, B and
Z-form of DNA. C180 fullerene docked with different sequence of
various forms of DNA with score in the range of 4760-5278, 39023934 & 3412. Docking score range of C24 to C100 are already discussed in Table-1, 2 &3.
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TABLE 4: Docking score of Z-DNA with fullerenes shows no regular pattern.

3.2 Effect of base sequence on fullerene binding

To determine the effect of variation in base sequence of DNA, the
docking score of different fullerene molecule with various DNA sequences was compared. As a periodic trend the number of interacting
bases increased with increasing sizes of fullerene, independent of the
sequence of DNA. In case of A-form of DNA C20,24,30& 40 are
mostly interacting with two base pairs only, C48,50,60,70,76,80,90
are interacting with three base pairs, whereas further increase in size
of fullerene from C96 to C100, four bases were involved and C180
appear to involved up to five base pair in most sequences.

In B-DNA, C20, 24, 30, 40 interacted with one base pair only
whereas on further increase in size of fullerene from C48 to C60 two
base pair were involved, and from C70 to C100 three base pair were
involved and for C180 four base pair were involved in most of the
sequences. For Z-form of DNA, two base pair were involved from
C20 to C80, but on further increase in the size of fullerene from C84
to C100, three base pair were involved and C180 involved four base
pair as shown in figure-1 with the help of graph.

3.3 Effect of Form of DNA on interaction with Fullerene
To determine the effect of forms of DNA (A, B & Z-DNA), all
three forms of DNA were docked with various fullerenes of
fullerene family (C20, 30, 40, 48, C60…..180) of different molecular weight. Each form interacts with fullerene in a different
way. In A-form of DNA, increase in the binding score was observed from C20 to C90 followed by decrease in binding score
with increase in molecular weight of fullerene. Whereas, B form
of DNA showed continuously increase in binding score of with
the increase in of fullerene size, barring C60 & C100. Strangely,
Z-DNA displayed indefinite pattern in fullerene size dependent
variation in docking score. This is explained with the help of
graph by comparing all the three DNA’s binding score.

FIGURE 2: Effect of increase in molecular size of fullerene on the docking
score with different forms of DNA

We have also studied that if there is any specificity in groove
binding for fullerenes for all the three forms of DNA, as the width of
groove depends upon the type of DNA. Fullerenes bind in both the
IJSER © 2015
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grooves i.e. mostly smaller fullerene bind in minor groove and bigger fullerene binds in major groove. In case of A-DNA all fullerenes
(c20-c180) bind only in major groove. In B-DNA, C20 to C40 fullerene bind in minor groove whereas on further increase in the size of
fullerene from C48 to 180, they bind in major groove.
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7.
C60
Major
Major
Minor
8.
C70
Major
Major
Major
9.
C76
Major
major/minor*
Minor
10.
C80
Major
Major
Minor
11.
C84
Major
major/minor*
Minor
12.
C90
Major
Major
Minor
13.
C96
Major
Major
Minor
14.
C100
Major
Major
Minor
15.
C180
Major
Major
Minor
Note: ‘*’ denotes binding occurs in both the grooves depending upon
the nucleotide sequence.
TABLE 5: Effect of increase in molecular size of fullerene on Groove binding
specificity.

Figure 3: Interaction pattern of fullerenes of various sizes with A-form of DNA
(a) C20 bound to major groove of A-DNA. (b) C60 bound to major groove of ADNA (c) C180 bound to major groove of A-DNA.
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Figure 5- Interaction of C60 with Z-DNA. C60 is bound in major

groove.

Figure 4: Interaction pattern of fullerenes of various sizes with Bform of DNA (a) C60 bound to major groove of B-DNA. (b) C100
bound to major groove of B-DNA.
In case of Z-DNA, pattern of effect of increasing molecular
weight on groove binding was strange. C20 to C40 bind in major
groove, but on further increase in the size of fullerene there is no
regular pattern of binding i.e. C48 binds in minor groove but C50
binds in major groove. Again on increasing the molecular weight of
fullerene binding occurs in minor groove from C60 to C180.
S.No.

1.
2.
3.
4.
5.
6.

Fullerene
s
C20
C24
C30
C40
C48
C50

A-DNA
Groove
Binding
Major
Major
Major
Major
Major
Major

B-DNA
Groove
Binding
Minor
Minor
Minor
Minor
Major
major/minor*

Z-DNA
Groove Binding
Major
Major
Major
Major
Minor
Major

4 DISCUSSION
A number of previous studies have confirmed the interaction of C60,
CNT’s and carbon nanoparticles with DNA/RNA, leading to structural deformation of nucleotides [23, 24]. Some in vitro studies done
to investigate the toxicity mechanism of C60 in biological system
show that C60 molecules may interfere with the biological functions
performed by DNA, resulting in disruptions to DNA replication,
transcription, and repair processes [13]. More studies are needed to
reveal the interactions of various species of fullerenes with DNA,
and how this interaction may affect the biological functions. However to the best of our knowledge no such study has been done involving fullerene and fullerene family interaction with all the three types
of DNA. Therefore, the present study was designed to reveal the
effect of molecular weight and size of fullerene on its capacity to
interact with different forms of DNA.
We have previously shown the applicability of PatchDock to determine interaction between nanoparticles and biomolecules [25]. In
the present study, we performed molecular docking between various
random sequences of all three forms (A, B & Z) of DNA with the
fullerene molecules of different sizes ranging from C20 to C180.
DNA do not posses complex structural feature including high density
charge & chiral helix geometry. Although a number of chemicals are
known to bind the double helix strand, but DNA don’t posses any
well defined binding site. Different organic molecules like aromatic
and heterocyclic nucleic compounds are capable to form non-

IJSER © 2015
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covalent or covalent interactions in the minor and major grooves of
DNA. Fullerene, a unique molecule of carbon shapes like hollow
sphere, behaves like electron deficient electron donor, is overwhelmingly favorable for interaction with DNA. Previous studies have
shown that the displacement of water molecules from the region
between the nucleotides and the fullerenes were observed and this
can be attributed to the large favorable interaction energies to hydrophobic interactions. The features of the DNA-C60 complexes depend
on the nature of the nucleotides and this C60-ss-DNA binding can
significantly deform the nucleotides and the capacity of C60 to deform the A form of DNA, whereas B & Z form are not affected by
fullerene[13]. The results of our study also clearly show that the Aform of DNA was highly interactive with fullerene in contrast to B &
Z form of DNA.
We analyzed the docking of various fullerene molecules with 10
different random sequence of DNA of all three forms, to analyze the
effect of molecular weight of fullerene, its size, form of DNA, sequence of DNA etc. on the interaction capacity of fullerene with
DNA. Our analysis of the docking study revealed that all the sizes of
fullerene (C20-C180) bind both with A-form of DNA, whereas the
B-form and Z-form of DNA interact with less binding energies with
fullerene of all molecular weight. Further, with the increase of size of
fullerene, the interaction energy of A-form of DNA also increases
initially up to C90 and then start to decrease. Whereas with B-form
of DNA the increase in size of fullerene causes somewhat continuous
increase in docking score. In Z-form of DNA, the increase in size of
fullerene did not show any regular increase or decrease in docking
score.
Our results visibly disclose almost no effect of overall sequence
variation of DNA on the binding energies of any size of fullerene.
This could be because the fullerene molecules were found to involve
mostly 1 to 2 base pairs (up to C80-C90). Although the results show
that fullerene preferably bind to A-T pair, but only marginal difference in docking energies between A-T binding score and C-G binding score of one type of fullerene could be the reason for the overall
effect of DNA sequence on docking score. With A-form of DNA, all
sizes of fullerene docked in major groove. Probably the narrow and
deep shape of major groove fits and holds the fullerene geometrically, whereas the minor groove being broad and shallow fails to give a
better grip to fullerene molecules. As the minor groove are narrow
with size range of 6-9 Å the smaller fullerene (up to size C90 approx
8-9 Å) [26] are fitting better therefore docking well, but further increase in size is probably not allowing the proper docking as narrow
shape of groove, reducing the docking score. Whereas, with B-form
DNA the major groove are wide and deep, therefore all the fullerene
sizes under study are fitting well in the groove, resulting in regular
increase in docking score with increase in fullerene size. Although
the overall docking score with B-form of DNA is less than with that
of A-form, the reason could be the wide size of groove in B-DNA.
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